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Institut C. Sadron (CRM-EAHP), (CNRS-ULP), 6 Abstract. 2014 The scattering factor of polyelectrolyte solutions in the absence of added salt presents a peak at a scattering vector qm which varies like C 1/2. This has been sometimes interpreted in terms of a local orientational order of cylinders. The variation holds however through many concentration regimes, and other explanations in term of correlation holes have been proposed. We evaluate the different models together with the other possible evidences for the lack of orientational order. Anisotropic light scattering, electric birefringence relaxation and the magnitude of magnetic birefringence show no evidence for orientational order between single chain conformation.
J. Phys. France 49 (1988) [2] . The claim for possible long range attractive forces advocated by Sogami and Ise [3] has been shown by Overbeck [4] to be non valid. The contribution of dispersion forces due to the large fluctuations in the counterion distribution which is responsible of the high dielectric increment of polyelectrolyte solutions and to high ionic polarisability anisotropy responsible for their easy orientation in an electric field [5, 6] is nevertheless not taken in account. It should favour a parallel arrangement and perhaps modify the arguments against the formation of nematic order when the polyions are intrinsically flexible [7] . From an experimental point of view the interpretation of the peak in the total X-ray and neutron scattering [8, 9] and of the C 1/2 dependence (C = monomolar concentration in polymer) of its position qm (q scattering vector) in terms of a 2 dimensional parallel order of rod like segments is made questionable by the very fact that this concentration dependence holds over a range covering many concentration regimes [10] .
Our present view of these regimes takes in account the gradual change of conformation of the polymeric chains with the reduction of the screening upon dilution. It is now generally accepted that the effect of coulombic interactions on flexible chain conformations can be divided into a short range stiffening described by an electrostatic contribution Le to the total persistence length LT [11, 12] [13] . When including Manning's condensation model [14] in its simplest form for monovalent counterions [15] . (1) and (2) . It has however been proposed [19] on the basis of a collective model designed to interpret the concentration dependence of the reduced viscosity [20] that the stiffening in the semi dilute range should be reduced by the presence of the other chains.
Starting from the chain conformation a number of concentration regimes have been postulated [15] schematically depicted in figure 1 . The limiting concentrations are given by the following cross over: [7] to obey the same C 1/2 law throughout the whole concentration range and the distance d derived from the Bragg relation 2 'TTq; 1 d to fit the predicted value 'TTd2 b = c-1. Care must however be exercised con-sidering that qm has been found molecular weight dependent [25] above C 3. This is more easily understood in terms of a correlation hole effect. Qualitatively the total scattering is known to be -0 at q = 0 due to the osmotic incompressibility. At large q &#x3E; d -1 it should reduce to the single scattering factor. A peak must therefore exist and the simplest form for the total scattering function can be written [24] where P (q ) is the single particle scattering factor and 6 a correlation length for segmental interaction. Assuming 6 LT, as it should for C &#x3E; C3 one expects P (q ) in the region of qm to reflect the rod like behaviour and if in first approximation P (q) -(qN )-1, qm = ç -1. The C 1/2 dependence would reflect the relation between 6 and k -1; the peak amplitude then also decreases as § -C -1/2 in fair agreement with the experimental results [8] . The small molecular weight dependence can then arise from the fact that in the high concentration range C 3= C 3, and LT are of the same order of magnitude so that P (q ) has not exactly a q -1 dependence around the maximum [22] . Writing the total scattering where P (q ) is the intramolecular scattering factor and Q (q ) the intermolecular scattering factor, one can extend for not too rigid molecules the derivation of S (q ) carried out by Benoit [26] [27] has used c (r) = 1 eKr and found that r qm does not vary as C 1l2. Benmouna and Grimson [28] have used an approximation to the one component plasma [28] and again qm is found to vary more closely to C 113.
Koyama [29] has used directly g(r) = [31] .
We therefore look below for other possible evidences for orientational correlations in polyelectrolytes.
Depolarized light scattering.
It is well known that the part of the scattering by liquids which is due to their molecular anisotropy does not suffer the drastic reduction that the part due to the mean polarisability suffers as compared to the gaseous state [32] . A formulation based on the use of a correlation function g (r, w ) for the relative positions and orientation in the liquid state has been given [33] . The Due to the high sensitivity of birefringence measurements, the use of orientation in an electric field to characterize the conformation and possible orientation of flexible polyelectrolytes in very dilute solutions is very old [37] . The steady state birefringence results from an optical and an electrical factor, the latter being related to the mechanism of orientation. In polyelectrolytes it results from the very large ionic polarisability originating in the easy displacement of counterions along the molecular axis [3] . We have however up to now no real model to evaluate its dependence upon length, flexibility, field strength, concentration in salt free solution and in presence of added salt [38, 39, 40] . It remains therefore a qualitative tool to detect small changes.
Recent results [41] In the study of the orientational correlation time, care must be taken of the influence of polydispersity which makes the decay highly non exponential [42] .
Non exponentiality can also arise from residual bending. Another effect, directly reflected by an increase of the birefringence upon electric field reverseal has been recently described [41] . It is interpreted as due to the coiling of the extremities of the molecule where the accumulation of counterions displaced by the electric field increases the screening and reduces locally the electrostatic persistence length. It can be eliminated by using a train of reversed pulses with a duration smaller than the coiling time. In these conditions sufficiently high fields can be used to measure sizeable birefringence at concentrations between C1 and C2. Relaxation times T are then measured which are independent of C and very close to 'rR for the totally stretched molecule [43] where ro is the radius of the cylinder (see table II). (10) to the total intensity I(q) measured by neutron scattering, using the theoretical expression of P (q ) for worm like chains [48] . There is a good hope to derive from such a systematic investigation [49] a general form of c(r) and its dependence on charge density, concentration and added salt which will explain the dependence of the position of the scattering peak.
